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Abstract.  Within  an area  heavily  concerned  by  mining  activities,  chemical  analyses 
have been performed in order to estimate the quality of the surface water and of the 
groundwater, by assessing also the concentrations of Ba, Mn, Fe, Cu, Zn, Ni, Cr, Cd, 
Al, Pb, Sb, As adsorbed on the surface of the suspended particulate matter (SPM). The 
investigations have addressed a 108 km long section of Arieş stream. The analyzed 
nutrients,  namely  NH4,  NO2  and  NO3,  are  liable  to  accumulate  within  the  phreatic 
groundwater,  the  corresponding  concentrations  being  higher  in  groundwater  as 
compared to those in the surface water. In contrast to the nutrients behavior, there is 
noticed that concentrations of arsenic and of heavy metals in the surface water are 
larger than those in hyporheic water. Those contaminants are yet mainly conveyed by 
means of the SPM, which have the ability to attach and to concentrate large amounts of 
undesirable elements. 
Key words: suspended particulate matter, heavy metals, nutrients, mining area, hyporheic 
zone, Arieş. 
1. INTRODUCTION 
The important part played by the suspended particulate matter (SPM) in the 
contaminants  and  nutrients  transport  by  surface  flows  and  by  groundwater  is 
currently widely accepted and intensively investigated (BOGATOV & BOGATOVA, 
2009; CUSTER et al., 2009). It is an established fact that most elements subject to 
high toxic potential are either partly, or entirely conveyed by means of the SPM 
(BOULT, 1996; DRYSDALE et al., 2001; POINT et al., 2007; HERBERT JR., 2006; 
TAYLOR, 2007; RIEUWERTS et al., 2009). 
In terms of experimental approach, there are two different ways for assessing the 
concentrations of heavy metals attached to SPM, namely a direct, and an indirect one. 
The direct assessment methods consist in separating the suspensions, as a general rule 
by  means  of  filtering,  after  which  the  separated  matter  is  digested  and  analyzed 
(HOROWITZ, 1986; FILIPEK et al., 1987; NORDSTROM et al., 1999; ÖDMAN et al., 
1999,  2006;  RUSE  et  al.,  2000).  The  indirect  assessment  consists  in  separately 
analyzing the filtered and the unfiltered water sample, and in ascribing the difference in 
concentration between the two analyzes to the concentration of the element attached to 
the SPM (CIDU & FRAU, 2009; GAMMONS et al., 2005; POKROVSKY & SCHOTT, 2002;  
Trav. Inst. Spéol. «Émile Racovitza», t. XLIX, p. 113–133, Bucarest, 2010   Constantin Marin et al. 2  
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CORTECCI et al., 2009; GUÉGUEN et al., 2004). A comparative study of the results 
obtained through the two methods has been performed by BUTLER et al. (2008). 
Within the Arieş stream catchment area, intense mining activities have been 
carried out since long time ago and are still being conducted nowadays, resulting in 
a  highly  detrimental  impact  on  the  quality  of  the  surface  water  and  of  the 
groundwater. The mines, the quarries, the waste heaps, the tailing ponds, the fluid 
pipes and the ore processing facilities – all of them are major pollution sources, 
especially as far as the heavy metals are concerned (LUCA et al., 2006). In this 
respect, a series of studies have already addressed the pollution of the surface water 
of  that  area  (FORRAY  &  HALLBAUER,  2000;  FLUVIO,  2006;  FLOREA,  2007; 
SENILA  et  al.,  2007).  The  present  study  investigates  the  distribution  of  certain 
heavy metals, of arsenic and of the species of nitrogen, both in the surface water, 
and in the groundwater. There is also outlined the part played by the SPM in the 
transfer of the concerned contaminants, by using a direct assessment method. 
2. THE  STUDY  AREA 
The stream Arieş is the most important right-hand side tributary of Mureş 
river, stretching along a total length of 166 km between its head waters and the 
junction  with  the  previously  indicated  main  collector,  while  its  catchment  area 
extends over 3005 km
2 and its multi-annual average flow amounts to 25.6 m
3/s 
(***, 2008). Starting from its headwaters, located in the southern part of Bihor 
Mountains, the stream-course of Arieş further separates the Mountains Metaliferi 
(located  to  the  south),  from  the  mountain-body  Muntele  Mare  (located  to  the 
north), then it crosses the northern part of Trascău Mountains, to finally enter the 
wide depression of Turda. Starting from the village Gârda de Sus downstream, the 
valley consists of a gorge that nevertheless includes also a series of wider sections 
which correspond to a series of small basins having either a tectonic-structural, or 
an  erosional  origin,  and  which  are  positioned  at  the  junction  wi t h  t h e  m o s t  
significant tributaries (Gârda, Albac, Vadu Moţilor, Arieşul Mic, Sohodolu, Bistra, 
Ocoliş, Abrud, Şesii etc). 
A wide variety of lithological units occur within the considered catchment 
area,  including  Paleozoic  or  Precambrian  age  metamorphic  rocks,  Jurassic  age 
limestone  deposits  and  ophiolites,  Cretaceous  age  sandstones  and  limestone,  as 
well as andesites that bear rich ore accumulations. 
In the median, as well as in the upper catchment areas of Arieş stream (in the 
towns Roşia Montană, Câmpeni, Abrud, Baia de Arieş, etc), mining, as well as ore 
processing  industries  have  a  long-lasting  tradition,  being  nowadays  still  well 
developed. To the mining works there are yet associated a multitude of tailing 
ponds  which  behave  as  permanent  pollution  sources  for  the  surface  and 
underground water flows (Fig. 1). 3  The transfer of certain contaminants by means of surface and underground water-flow  115 
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3. MATERIALS  AND  METHODS 
3.1. FIELD  METHODS  AND  SAMPLE  COLLECTION 
Along the stream-course of Arieş, between the villages Scărişoara and Buru, 
a number of 12 common stations have been set up in order to collect samples of 
surface-water and of groundwater. All the water samples have been collected on  
18 April 2008. The water-samples from Arieş stream have been collected directly 
in sampling bottles, at least 1 m away from the river-shore, in places where the 
thickness of the stream-water layer exceeded 20 cm. The groundwater samples 
have been collected according to the Bou-Rouch procedure (BOU & ROUCH, 1967; 
BOU, 1974). 
In correspondence to the sampling sites, landform surveys have been carried 
out along lineaments positioned transversally with respect to the stream-course: 
specifically, two lineaments were surveyed on the right-side shore of the stream, 
while other ten lineaments were surveyed on its left-side shore. In selecting the 
positions of the lineaments and of the groundwater sampling holes, the following 
criteria have been taken into account:  
•  the position and the extent of the landform within the valley, as well as 
its relationships with landforms occurring at higher elevations; 
•  the physical features of the sedimentary deposit; 
•  the  distance  between  the  groundwater  sampling  hole  and  the  actual 
stream-border; 
•  the  groundwater  sampling  hole  position  with  respect  to  the  potential 
sources of pollution. 
A number of seven groundwater sampling holes are located either quite close 
to the actual border of the stream, or within the lower floodplain of Arieş, being 
thus influenced by the variations of the stream water level, three other are located 
within the higher floodplain, two are positioned at the bottom of the lower terrace 
scarp, and one on the terrace tread (Table 1).   
When  collected,  water  samples  were  filtered  in  situ  by  means  of  a 
Chromatography  Research  Supplies  filtering  system,  provided  with  a  manual 
Nalgene  vacuum  pump.  Pre-weighed  (Kern  770–60)  MF-Millipore  Membrane, 
mixed cellulose esters of 0.45 µm porosity and of 47 mm diameter have been used 
for filtering. Each filtered membrane was washed in ultra-pure water before the 
experiment and used only once. During filtration, the first 250 mL of solution were 
discarded, thus allowing the saturation of the membrane surface prior collecting the 
filtrate. The filtered membranes with the collected material have been stored in 
individual polystyrene Petri dishes, both during their shipment and in laboratory, in 
refrigerating boxes at 4°C. 5  The transfer of certain contaminants by means of surface and underground water-flow  117 
Table  1  
Sampling stations set up along Arieş stream in order to the collect surface-water and groundwater samples 
Station 
Distance 
between the 
surveyed 
lineaments 
 (km) 
Border of the 
stream  
Distance to the  
stream border  
(m) 
Landform 
1 – Scărişoara 1  0.00  left  7.80  Bottom of the lower  
terrace scarp 
2 – Scărişoara 2  4.95  left  2.50  Higher floodplain 
3 – Vadul Moţilor  22.77  left  10.50  Lower floodplain 
4 – Baia de Arieş  60.20  left  3.50  Higher floodplain 
5 – Sărtaş   63.06  left  1.20  Bottom of the lower  
terrace scarp 
6 – Brăzeşti 1  65.54  left  2.50  Streambed 
7 – Brăzeşti 2  68.06  right  4.50  Streambed 
8 – Sălciua de Jos  79.92  left  6.15  Streambed 
9 – Lunca Arieşului  88.04  left  12.30  Higher floodplain 
10 – Vidolm  95.79  right  13.15  Lower floodplain 
11 – Buru 1  107.50  left  5.00  Lower floodplain 
12 – Buru 2  108.42  left  5.55  Terrace tread 
The  water  temperature  was  measured  on  site  by  using  a  Crison  portable 
thermometer TM65 with Immersion probe Pt 1000 sensor (measuring error ≤ 0.2°, 
reproductibility ±0.1°C). When samples were being collected, two Crison PH 25 
portable  instruments  have  been  used  in  order  to  perform  all  pH  measurements 
(5051  Electrode  with  integrated  Temperature  Probes  ATC,  NIST-traceable  pH 
buffer solutions pH 4.01 and 7.00) and Eh measurements (52 62 Pt Electrode, 220 
and  468  mV  redox  standard  solutions),  according  to  the  recommendations  of 
WILDE et al. (2006), and respectively of NORDSTROM & WILDE (2005). 
3.2. ANALYTICAL  METHODS 
In laboratory, filtered membranes were dried at room temperature and then 
weighed to the nearest 0.01 mg to determine the mass of SPM in the known volume 
of filtered water. The filters were then digested at room temperature for 48 h with 5 ml of 
1:1 solutions Ultrapur 60% HNO3 and 30% HCl (Merck). This acid mixture was 
chosen to dissolve effectively the minerals more readily dissolved by weaker acids. 
The  digest  solutions  were  mixed  occasionally  during  the  digestio n  t i m e .  A  2 . 0  m L  
aliquot of the digest solution (not including any visible solid) was diluted to 50.0 mL 
with ultrapure water and analyzed by AAS. This process was repeated for duplicate 
unused filters and the average elemental content in the filter blanks was subtracted 
from the sample results. All the solutions were prepared with ultra-pure water (TKA 
Ultra Pure System GenPure, electric resistance 18.2 MΩ×cm).   Constantin Marin et al. 6  
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The Na, K, Mg, Ca, Mn, Fe, Cu and Zn concentrations for the water samples 
and digested SPM were determined by means of standard flame-atomic absorption 
spectrometry methods. The Ba, Cr, Ni, Cd, Pb, As, Sb and As concentrations were 
analyzed by standard electrothermal-AAS methods. The determinations were carried 
out with a Perkin-Elmer atomic absorption spectrometer, model AAnalyst 700, with 
deuterium arc background correction, equipped with an HGA-800 graphite furnace, 
and an AS-800 autosampler. Pyrolytically coated tubes with and without integrated 
platforms were used. The calibration lines were traced using solutions prepared from 
standard  solutions  CertiPUR®  (Merck).  The  methods  accuracy,  precision  and 
sensitivity were been tested by using the reference matters provided by Perkin-Elmer 
groundwater and wastewater pollution control certified reference materials. 
The  total  alkalinity  has  been  assessed  by  electrometrical  titration  with  a  
0.05 M HCl solution by a Gran titration procedure (ROUNDS, 2006). In most cases, 
determinations  were  made  within  24  hours  of  sampling.  All  the  concentration 
assessments  for  silica  (PAKALNS  &  FLYNN,  1967),  sulfate  (AMINOT,  1974), 
chloride (FLORENCE & FERRAR, 1971), ammonium and nitrite (MACKERETH et al., 
1978), and nitrate (APHA, 1985) have been conducted in laboratory, by means of a 
molecular  absorption  spectrometer  in  the  visible  and  ultraviolet  spectra,  of  the 
Perkin-Elmer Lambda 25 model. 
The total dissolved solids (TDS) content was calculated as the sum of the 
total  dissolved-ion  concentrations,  by  additionally  making  the  adjustment  of 
bicarbonate  to  carbonate  ions  (HEM,  1985).  The  speciation  calculations  was 
performed  by  means  of  PHREEQC,  version  2.15.0.2697  (February  2008) 
(PARKHURST & APPELO, 1999), with the Lawrence Livermore National Laboratory 
database. Surface-water and groundwater densities were calculated with the CLEGG 
&  WHITFIELD  (1991)  relations  for  the  inter-conversion  of  concentration  scales, 
based on the measured temperatures. 
4. RESULTS 
The values of the physical and physical-chemical reference parameters, as well 
as the components concentrations assessed in the framework of the present study, 
both  for  the  stream-water  of  Arieş,  and  for  groundwater  collected  from  the 
corresponding sampling sites, are indicated in ANEX 1. For comparison reasons, the 
table includes also the analytical results obtained for water samples collected during 
the same time-period from two karst springs which are typical for that area, being 
located  upstream  with  respect  to  Scărişoara  village,  namely  Coteţul  Dobreştilor 
(within Gârda Seacă valley) and Peştere lui Ioanele (within Ordâncuşa valley). 
When overall considered, the temperatures of Arieş stream-water are quite 
similar, yet slightly smaller, as compared to those of groundwater (on the average 
7.6°, as compared to 7.7°C). One still has to take into account the circumstance that 7  The transfer of certain contaminants by means of surface and underground water-flow  119 
the measurements have been performed during one single day, by starting in the 
morning at the extreme upstream location (Scărişoara), and ending in the evening 
at the extreme downstream one (Buru), while inherently, during the corresponding 
time-interval, the Arieş stream-water warmed up. 
Along the stream section of Arieş that extends upstream Baia de Arieş, the total 
dissolved solids (TDS) content is different (82.7 mg/L on the average) from that of the 
stream section that extends further downstream (122.7 mg/L on the average). Along the 
two distinct stream-sections mentioned above, no uniform increase of the TDS values 
can  be  noticed;  instead,  from  one  sampling  site  to  another,  there  occur  significant 
fluctuations which are undoubtedly controlled by the inflows provided by the tributaries 
of Arieş stream (Fig. 2). As expected, groundwater exhibits for that parameter much 
larger values, the corresponding average amounting to more than de 150 mg/L. It is 
worth noticing that along the stream section that extends form Baia de Arieş downstream, 
not only are groundwater TDS values largely exceeding those of the Arieş stream-water, 
but  they  also  differ  significantly  from  one  sampling  site  to  another,  the  latter 
circumstance suggesting distinct recharge mechanisms for each specific sampling site. 
 
Fig. 2 – The total dissolved solids (TDS) content variation along the stream-course of Arieş (solid 
line) and at the corresponding groundwater sampling sites (bars). For all the diagrams of this type, the 
water flow direction has been chosen to be from left to the right, the kilometer 0 designating the 
extreme upstream sampling station (Scărişoara 1), while the kilometer 108.42 designates the extreme 
downstream one (Buru 2). The inset illustrates the TDS values global distribution for the stream  
                                              Arieş, as compared to that of groundwater.   Constantin Marin et al. 8  
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The distribution of the pH values is largely analogous to the variations of the 
TDS  content.  For  the  three  sampling  sites  located  along  the  Arieş  stream  section 
which extends from Baia de Arieş upstream, the stream-water pH is in excess of 8, 
while at the next three stations, from Baia de Arieş down to Brăzeşti 1, the pH values 
drop  below  7  –  a  consequence  of  acid  waste-water  discharges  due  to  the  mining 
works. From the sampling station Brăzeşti 2 downstream, the Arieş stream-water pH 
values are steadily increasing, as a result of the bufer effect exerted by the prevalently 
carbonate substratum on which the river flows. The groundwater pH values exhibit an 
evolution which is analogous to that of the surface water, being yet worth mentioning 
that the groundwater average value is smaller (7.3) than that of the surface water (7.5). 
The redox potential difference values (Eh) behave similarly to the evolutions of the 
TDS  contents  and  of  the  pH  values.  As  normally  expected,  the  Eh v a l u e s  f o r  
groundwater are smaller than those for the Arieş stream-water (by about 10 mV on the 
average). The recorded difference is not large, a circumstance which may be ascribed 
to the fact that the flow of Arieş stream was – as normally expected for the spring 
season – increased and it prevalently supplied the hyporheic zone.  
The distribution of the CO2 partial pressure values computed by means of the 
computer code PHREEQC is concordant with variations displayed by the TDS content 
and by the pH. Save for one sampling station (Lunca Arieşului), PCO2 values for surface 
water are smaller than those computed for groundwater (Fig. 3). The latter exhibits the 
largest PCO2 values in those stations where pH values also indicate an acid environment. 
 
Fig. 3 – The CO2 partial pressure variation along the stream-course of Arieş (solid line) and at the 
corresponding groundwater sampling stations (bars). 9  The transfer of certain contaminants by means of surface and underground water-flow  121 
 
Fig. 4 – The hydrochemical facies, as indicated by the Piper diagram, for samples of surface water 
(circles) and of groundwater (diamonds) collected from the investigated area. The stars indicate the 
two investigated karst springs. 
Generally speaking, samples of both surface water and groundwater collected 
from the Arieş stream catchment area belong to the HCO3–Ca+Mg type. For water 
of both indicated origins, the prevalent cations, Ca
2+ and Mg
2+, taken together, 
amount to more than 40% of the ions total concentration. Within the Brăzeşti–
Sălciua stream section (stations 8–10), the Mg
2+ percentage of the Arieş stream 
water increases to about 15%, which is largely in excess with respect to the average 
percentage of 6.5% recorded within the stream sections located further upstream 
and downstream, while the Ca
2+ percentage declines to 29.5%. This is in contrast to 
what was noticed in the case of groundwater, for which the Mg
2+ percentage was 
almost constant, namely about 7%. Alternatively, at the station Baia de Arieş and at 
all the stations located further downstream, the percentage of Fe in groundwater 
constantly amounted to 2%, while the percentage of Al ranged between 1 and 6%. 
The average percentage of the prevalent anion, HCO3
–, amounts to 35% for 
the  surface  water  and  to  29%  for  groundwater.  It  is  worth  noticing  that  for   Constantin Marin et al.  10 
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groundwater samples collected from sites positioned downstream with respect to Baia 
de Arieş, the percentage of SO4
2– increases significantly to an almost constant value of 
22%. That circumstance is, beyond doubt, due to the fact that the stream water of Arieş 
receives sulfate inflows, which are the final product of the oxidization of sulfide ores 
existing  in  the  ore  accumulations  and  in  the  waste  heaps  that  occur  within  the 
catchment area, that final product eventually reaching the hyporheic zone. 
Similarly to the previously discussed instances, distinct concentration distributions 
of ammonium (NH4) and of nitrite (NO2) are recorded in the two sections of the Arieş 
stream-course located upstream, and respectively downstream Baia de Arieş (Fig. 5).  
 
Fig. 5 – The variation of the molal concentrations of ammonium (NH4) and nitrite (NO2) along the 
stream course of Arieş (upper field of the diagram) and at the groundwater sampling sites  
(lower field of the diagram). 
The  upstream  section  is  devoid  of  ammonium,  while  nitrite  occurs  only  in  small 
concentrations.  In  the  stream  section  that  extends  downstream  Baia  de  Arieş  the 
corresponding concentrations become significant, as domestic waste disposal along the 
stream borders becomes increasingly frequent. The nitrate (NO3) concentrations are 
relatively constant along the entire stream course of Arieş (Fig. 6), being nonetheless 
larger than those of the other two inorganic species of nitrogen. 
Interstitial water is far richer in NH4, NO2 and NO3, a circumstance which is 
due to the biogeochemical processes that operate there. Within that zone, especially 
at the aerobic/anaerobic interface, there is an interaction between the nitrification 11  The transfer of certain contaminants by means of surface and underground water-flow  123 
and  de-nitrification  processes,  both  of  them  being  controlled  by  the  level  of 
dissolved oxygen, of dissolved organic carbon (BRUNKE & GONSER, 1997; HINKLE 
et  al.,  2001),  and  not  in  the  last  place,  by  the  invertebrates  fauna  abundance 
(MARSHALL & HALL JR., 2004). 
 
Fig. 6 – The variation of the molal concentrations of nitratate (NO3) along the stream course of Arieş 
(the solid line) and at the groundwater sampling sites (bars). 
The  water  samples  collection  moment  has  identified  a  certain  level  of 
concentration for arsenic and for heavy metals, all of which are derived, beyond 
doubt, from the mining works existing in the area crossed by the stream Arieş. The 
stream section located downstream with respect to Baia de Arieş is obviously more 
heavily contaminated, as compared to the stream section located further upstream. 
Specifically, no detectable concentrations of Cu, Zn, Cd and As could be identified 
along the indicated “upstream” section. Alternatively, the specified elements, as 
well as Fe, Mn, Cr and Al, are present along the entire stream course which extends 
downstream Baia de Arieş. Except for chromium, the concentrations of all heavy 
metals  are  much  lower  in  the  phreatic  groundwater,  as  compared  to  the 
corresponding concentrations found in the stream water of Arieş, a circumstance 
which shall be given a detailed discussion below. There was also attempted an 
assessment of the Ni, Pb and Sb contents, yet in every instance the concerned 
concentrations were, both in the surface water and in the groundwater, below the 
detection limits of the specific analysis methods.   Constantin Marin et al.  12 
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5. DISCUSSIONS 
5.1. WATER  EXCHANGES  BETWEEN  THE  STREAM-COURSE  OF  ARIEŞ  AND   
THE  PHREATIC  GROUNDWATER  BODY 
A first issue requiring to be discussed is the way in which reciprocal flow 
relationships develop between the stream course of Arieş and the phreatic aquifer. 
The  diagram  in  Fig.  7  illustrates  one  of  the  landforms  lineaments  surveyed 
transversally to the stream course of Arieş. The lithological composition and the 
granulometry of the deposits crossed by the interstitial water sampling device are 
quite  diverse.  There  have  been  identified  fine  sands,  muddy  sands,  sandy 
mudstones, gravel and boulders, yet their distribution along vertical could not be 
specified along the entire length of the lineament. Only the surface layer could be 
realistically described.  
 
Fig. 7 – Landforms survey at the sampling station Baia de Arieş, along a lineament positioned 
transversally with respect to the stream course of Arieş. 
Reciprocal recharge relationships exist between the streams network and the 
groundwater accumulations. The strength and the direction of the water exchanges 
are controlled (among other) by the aquifer formations permeability and by the 
recharge sources of superficial or underground origin. The water exchange between 
the stream Arieş and the phreatic accumulations located within the unconsolidated 
detritic deposits of the floodplain is controlled by the stream water-level. As a 
general  rule,  during  drought  periods,  the  streambed  of  Arieş  is  supplied  by 
groundwater inflows provided by the deposits that build up the floodplain and the 
terraces. High discharge occurring during spring time, as well as summer time flash 
floods may induce temporary reversals in the groundwater flow direction, so that 
phreatic groundwater accumulations within the floodplain start being recharged by 
the stream water. This is the setting which favors the pollutants transfer from the 
stream course to the phreatic groundwater accumulations, the concerned process 
reaching its maximum intensity when the lower floodplain is actually flooded. 13  The transfer of certain contaminants by means of surface and underground water-flow  125 
5.2. THE  CONTAMINANTS  TRANSFER  BETWEEN  THE  SOLUBLE  AND  THE  SPM 
DOMAINS  
As the obtained analytical data indicate (Table 2), the stream water of Arieş 
contains significant concentrations of iron, manganese, and especially aluminum. 
Those elements are derived from the mining activities that are carried out in that 
area (LUCA et al., 2006). Specifically, FLOREA (2007) has identified excessively 
high concentrations of Fe, Mn and Al in the stream Abrud and in all its tributaries, 
being of common knowledge the fact that the entire catchment area of that stream 
is  heavily  affected  and  disrupted  by  the  giant  quarry  which  exploits  the  Roşia 
Poieni copper ore. The indicated exploitation facilities include three waste heaps, 
which  extend  over  an  area  totaling  more  than  1  km
2.  Those  waste  heaps  are 
concerned by natural phenomena of erosion at the surface and in depth, which 
result not only in a contamination of water with heavy metals, but also in water 
becoming  intensely  acid,  while  significant  inflows  of  suspensions  also  occur. 
Those  suspensions  accumulate  mostly  in  the  Valea  Şesei  tailings  pond,  which 
poses serious ecological threats to that area. 
The  Fe,  Mn  and  Al  contents  of  groundwater  saturating  the  phreatic  aquifer 
associated  to  Arieş  stream  are  about  one  order  of  magnitude  smaller  than  the 
corresponding contents of the surface water (Fig. 8). The weaker contamination of the  
 
Fig. 8 –The variation of the molal concentrations of Fe and Al along the stream course of Arieş 
(upper field of the diagram) and at the groundwater sampling sites (lower field of the diagram).   Constantin Marin et al.  14 
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hyporheic domain with those elements is due to the circumstance that in solution, they 
are liable to precipitate as hydroxides, generating fine colloids (GANDY et al., 2007; 
HARVEY  &  FULLER,  1998).  The  latter,  although  being  precipitation  products, 
behave in terms of transport mechanisms similarly to the dissolved compounds. 
The  generation  of  colloids,  prevalently  as  a  result  of  the  trivalent  cations 
hydrolysis,  has  also  a  significant  operational  outcome.  Colloids  penetrate  the  
0.45 µm filtering membrane (KENNEDY et al., 1974; BOULT, 1996). When water 
samples filtered in that way are analyzed by means of spectrometric methods (AAS 
or ICP), both phases – solution and colloidal – will be analyzed together, resulting 
in a positive deviation of the charges balance. 
All  the  investigators  having  performed  chemical-analytical  studies  in  that 
area  have  reported  that  the  stream  water  of  Arieş  included  significant 
concentrations of Cu, Zn, Cd, As (FORRAY & HALLBAUER, 2000; FLUVIO, 2006; 
SENILA  et  al.,  2007),  comparable  to  the  corresponding  concentration  values 
indicated by the present investigation. The main contamination  source is Valea 
Şesei tailings pond. Copper is liable to be adsorbed on the Fe  and Al colloids 
(GANDY et al., 2007), a circumstance which results, under normal conditions, in 
diminished concentrations. For instance, it is in very few samples collected from 
the  stream  water  of  Arieş,  that  SENILA  et  al.  (2007)  managed  to  detect,  by 
performing ICP-AES analyses, concentrations of Cu exceeding the detection limit 
of the employed method (0.011 mg/L). Zinc is more mobile, a property that is 
proven by associated concentrations, which both the present study, and the above-
indicated previous investigators, have shown to be larger than those of copper. 
The  most  important  characteristic  outlined  by  our  investigations  is  that 
arsenic and heavy metals concentrate on the SPM surface (Fig. 9). It becomes thus 
obvious that suspensions are the main agent in the contaminants transport. 
The nature of suspended particles occurring in groundwater is highly diverse. 
Specifically, they may be solid fragments removed from the substratum by the 
flowing water, or particles generated within the very water body as a result of the 
latter  becoming  super-saturated  with  respect  to  certain  components  (e.g.  metal 
oxyhydroxides), but they may be also living or decaying organisms, as well as their 
exudates. The active surface of those particles is the most important carrying-phase 
for  heavy  metals,  being  able  to  outpace  significantly  the  transport  by  solution 
(MOREL, 1983; MUNK et al., 2002). As clearly noticeable in the diagram of Fig. 9, 
elements like Ni, Pb and Sb concentrate on the SPM surface, and as such their 
concentrations can be easily assessed, which is in contrast to the analysis of their 
soluble  phase,  which  was  not  able  to  identify  those  elements  in  concentrations 
exceeding the detection limit of the employed methods. 15  The transfer of certain contaminants by means of surface and underground water-flow  127 
 
Fig. 9 – The concentrations distribution of certain heavy metals and of arsenic in the stream water of 
Arieş, in the interstitial water and adsorbed on the SPM surface. 
6. CONCLUSIONS 
By  collecting  surface  water  and  groundwater  samples  from  12  collecting  sites 
positioned between the villages Scărişoara and Buru, which were located 108 km one 
from another, on the Arieş stream valley, there have been outlined certain characteristics 
of the contaminants transfer that occurred in the indicated catchment area. 
In this respect, the stream section which extends upstream with respect to 
Baia de Arieş, more specifically upstream the junction between Arieş and Valea 
Şesei, seems to be less affected by the mining activities carried out in that area. The 
analyzed nutrients, namely NH4, NO2 and NO3, are liable to accumulate in the 
phreatic groundwater, their concentrations in the groundwater being more elevated 
than those in the surface water. Different from the nutrients, arsenic and a series of   Constantin Marin et al.  16 
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heavy metals (Al, Fe, Cu, Zn, Cd) occur in surface water in higher concentrations, 
as compared to concentrations recorded in the hyporheic domain. 
A multitude of complex chemical and biochemical processes contribute to 
attaching arsenic and heavy metals to the active surfaces of the suspended particles 
that occur in groundwater, to finally result in a concentration of those contaminants. 
The concentrations of certain elements, such as Ni, Pb, Sb, could be assessed for 
the phase which was adsorbed on the SPM surface, but not for the phase dissolved 
in  the  surface  water  or  in  the  groundwater.  That  is  why  in  an  area  heavily 
concerned by anthropogenic activities, suspensions have to be deemed as the main 
transfer agent for contaminants. 
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Results of the chemical-analytical measurements performed for the surface-water samples collected from the sampling stations set up along the stream-
course of Arieş, as well as for the corresponding groundwater samples (on 18 April 2008) 
No.  Station  water type  t  pH  Eh  TDS  NH4  Na  K  Mg  Ca  Fe 
      °C    mV  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L 
1  1-Scarisoara 1  surface  5.3  8.05  222.7  82.6  0  1.8  0.4  2.1  24.5  0.05 
2  1-Scarisoara 1  underground  6.7  7.70  160.4  137.2  0.013  6.2  2.1  3.3  38.3  0 
3  2-Scarisoara 2  surface  5.4  8.02  140.2  84.9  0  1.8  0.5  2.1  25.3  0.08 
4  2-Scarisoara 2  underground  7.1  7.92  136.9  94.4  0  2.3  0.7  2.1  28.5  0 
5  3-Vadul Motilor  surface  5.8  8.01  154.1  80.5  0  1.9  0.6  2.5  22.1  0.43 
6  3-Vadul Motilor  underground  6.9  7.50  166.6  86.0  0  2.3  0.8  2.8  23.8  0 
7  4-Baia de Aries  surface  7.1  6.85  154.7  128.7  0.028  3.0  1.1  3.2  26.9  2.57 
8  4-Baia de Aries  underground  8.7  6.67  159.8  893.6  0.014  14.6  4.9  14.3  271.0  0.08 
9  5-Sartas  surface  7.3  6.92  151.7  113.0  0.016  2.7  1.1  3.4  24.2  2.80 
10  5-Sartas  underground  7.7  6.79  140.9  304.6  0.011  15.0  5.1  10.6  75.1  0.08 
11  6-Brazesti 1  surface  7.4  6.92  146.5  118.4  0.030  2.6  1.2  3.4  24.1  2.54 
12  6-Brazesti 1  underground  7.9  6.59  155.9  166.0  0  3.6  5.5  10.4  31.0  0.07 
13  7-Brazesti 2  surface  8.0  7.10  171.5  125.3  0.025  2.8  1.1  3.7  25.1  3.07 
14  7-Brazesti 2  underground  6.4  7.15  149.8  140.8  0  4.5  1.8  10.1  25.4  0.12 
15  8-Salciua  surface  8.4  7.27  170.5  128.7  0.022  2.8  1.1  3.6  27.3  3.31 
16  8-Salciua  underground  9.6  7.25  161.8  421.8  0.107  23.0  2.2  22.4  98.9  0 
17  9-Lunca Ariesului  surface  8.7  7.40  168.1  119.0  0.025  2.6  1.1  3.5  26.2  2.85 
18  9-Lunca Ariesului  underground  7.5  7.88  154.6  147.3  0.002  3.4  1.6  4.2  38.8  0.07 
19  10-Vidolm  surface  9.1  7.60  169.0  120.0  0.048  2.8  1.1  3.5  26.2  2.95 
20  10-Vidolm  underground  6.7  7.63  156.1  236.7  0.064  6.0  3.5  6.4  63.3  0.05 
21  11-Buru 1  surface  9.6  7.71  165.1  124.2  0.027  3.0  1.3  4.1  26.6  2.81 
22  11-Buru 1  underground  9.3  7.57  163.3  271.1  0.049  10.2  4.5  8.8  72.0  0.05 
23  12-Buru 2  surface  9.5  7.80  168.2  126.7  0.010  3.0  4.5  4.0  27.2  2.83 
24  12-Buru 2  underground  8.1  7.54  161.0  260.7  0.006  7.8  2.7  8.1  72.6  0 
25  Cotetul Dobrestilor  cave water  6.5  7.56  –  174.5  0.003  0.5  0.5  7.4  57.4  0 
26  Pesterea lui Ioanele  cave water  7.2  7.74  –  203.3  0.005  0.5  0.6  6.1  69.1  0.09 Annex 1 (continued)
No.  Mn  Cu  Zn  Ba  Cr  Cd  Al  As  HCO3  Si  NO2  NO3  SO4  Cl 
  mg/L  mg/L  mg/L  µg/L  µg/L  µg/L  µg/L  µg/L  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L 
1  0  0  0  18.5  0.233  0  65.2  0  78.3  2.5  0.002  2.70  4.5  2.1 
2  0  0  0.02  26.9  2.057  4.650  20.4  0  118.7  2.8  0.028  2.54  6.0  13.3 
3  0.02  0  0  14.0  0  0  62.8  0  80.4  2.4  0.002  2.47  4.8  2.5 
4  0  0  0.04  14.9  0.184  0  38.1  0  90.1  2.3  0.006  2.73  5.1  2.8 
5  0.03  0  0  15.6  0.180  0  83.6  0  69.0  2.6  0.004  2.08  5.3  5.5 
6  0  0  0.05  11.0  0  0  39.5  0  80.0  2.5  0  2.26  5.5  3.2 
7  0.34  0.21  0.11  13.4  0  0.498  2430.0  0  72.3  2.9  0.009  2.86  38.3 5 . 1  
8  0.04  0.01  0.42  37.6  3.322  1.145  54.8  0  489.1  4.5  0.006  11.92  315.2  6.7 
9  0.30  0.21  0.12  14.8  0.564  0.486  293.1  0  47.6  2.5  0.002  2.03  44.1  2.4 
10  0  0  0.32  32.1  2.924  0  6.6  0  249.3  5.3  0.002  0.17  31.6  30.6 
11  0.28  0.20  0.11  15.2  0  0.480  1863.0  0.78  61.2  2.5  0.007  2.14  41.6  2.3 
12  0  0  0.25  30.7  7.221  0  4.2  0  103.5  5.0  0.022  11.49  37.8  3.4 
13  0.33  0.20  0.11  12.1  0  0.468  2123.0  1.52  60.5  2.5  0.002  1.85  45.3  3.9 
14  0  0  0.09  9.4  0  0  21.6  0  96.5  4.8  0.007  1.93  36.4  2.0 
15  0.33  0.20  0.09  13.6  0  0.459  1936.0  1.40  64.2  2.7  0.006  2.34  44.9  2.9 
16  0  0  0.25  48.5  5.017  0  15.9  0  333.1  4.9  0.133  11.08  61.4  25.3 
17  0.34  0.18  0.11  16.8  0.451  0.482  990.0  1.57  54.8  2.6  0.005  2.18  43.6  2.4 
18  0  0  0.04  14.1  1.968  0  0  1.02  103.7  3.5  0.013  2.98  34.6  2.3 
19  0.35  0.16  0.11  18.5  0  0.392  896.0  2.25  66.5  2.9  0.008  2.38  37.8  2.3 
20  0  0  0.10  24.3  2.043  0  9.1  1.50  158.5  3.6  0.004  1.42  64.0  4.6 
21  0.28  0.13  0.09  21.2  0  0.297  649.0  1.88  57.8  2.7  0.006  2.18  39.7  8.6 
22  0  0  0.13  38.3  2.450  0  0  0.73  205.0  3.1  0.006  5.62  46.9  13.7 
23  0.30  0.13  0.10  19.4  0.230  0.295  2.4  2.04  62.4  2.7  0.005  2.07  42.0  3.5 
24  0  0  0.15  39.7  0  0  2.6  0.88  179.9  2.6  0.008  1.32  60.2  12.1 
25  0  0  0  4.6  0  0  59.4  0  202.2  1.1  0.006  3.05  0.3  1.7 
26  0  0  0  6.9  0  0  43.6  0  232.4  1.2  0.005  3.58  3.6  1.0 